In this study, the buckling analysis of layered cylindrical shells with functionally graded material face sheets subjected to an axial compressive load is investigated. The dimensionless axial buckling load of layered cylindrical shells with functionally graded material face sheets is obtained. Eects of volume fractions of functionally graded material face sheets and cylindrical shell characteristics on the dimensionless axial buckling load have been studied.
Introduction
Layered composite shells are widely used as structural elements in modern construction engineering, aircraft construction, ship building, rocket construction, and the nuclear, aerospace and aeronautical industries. As the layered structure oers advantages over other types of structures, it is important to develop new types of materials in order to obtain the absolute minimum weight for given conditions. These new three-layered structures should be compared with other layered construction and with alternative structures in order to select the best conguration. The considerable advantages oered by functionally graded materials (FGMs) over conventional materials have prompted an increased use of layered structures, and incorporation in their construction of FGMs as face sheets. The concept of FGMs was rst introduced in 1984 [1] . The buckling behavior of FGM cylindrical shells has been addressed by many investigators [2, 3] .
Some studies have been reported on the buckling of layered shells containing an FGM layer [4] and sandwich plates with FGM face sheets [5] . In this study, the buckling behavior of cylindrical shells with FGM face sheets under the axial load is investigated. The FGM face sheets are made from a mixture of ceramics and metals, the mixing ratio of which is varied continuously and smoothly in z direction. This is achieved by using a simple rule of mixture of composite materials. The eective Young modulus, E Fg , and Poisson's ratio, ν Fg , can be expressed as [2, 5] :
Formulation of the problem
where E m , ν m and E c , ν c are the Young modulus and
Poisson ratio of the metal and ceramic surfaces of the FGM face sheets, respectively. We assume that the volume fraction, V m , for the top and bottom face sheets follows as [5] :
layers thickness. The variation of Young's modulus and
Poisson's ratio of three-layer system with FGM face sheets are given as [4] :
The stability and compatibility equations of the cylindrical shell with FGM face sheets can be obtained as
where Φ is the Airy stress function, w is displacement of the reference surface in the normal direction and the following denitions apply:
in which A j , B j (j = 1, 2 . . . , 6) are FGM properties and shell characteristics [3] .
Solution of basic equations
Consider a cylindrical shell is simply-supported boundary condition. The solution of equations set (4) is sought as follows [3] :
where A and B are the amplitudes, m 1 = mπR/L, m is the half wavelength in the direction of x axis and n is the wave number in the direction of y axis. Substituting expressions (6) in the equations set (4), then applying the Galerkin method, for the dimensionless axial buckling load, the following equation is obtained:
The minimum values of the dimensionless axial buckling load are obtained by minimizing Eq. (7) with respect to (m, n). is for FGTFG shell.
Conclusions
In this study, the buckling response of layered cylindrical shells with FGM face sheets subjected to the uniform axial compressive load is investigated. The dimensionless axial buckling load of layered cylindrical shell with FGM face sheets is found. Eects of volume fractions of FGM face sheets and shell characteristics on the values of dimensionless axial buckling load have been studied.
